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Abstract 

Background We tested the safety of a nonvirai so- 
matic-cell gene-therapy system in patients with severe 
hemophilia A, 

Methods An open-label; phase 1 trial was conducted 
in six patients with severe hemophilia A* Dermal fibro- 
blasts obtained from each patient by skin biopsy were 
grown in culture and transfected with a piasmid con- . 
taining sequences of the gene that encodes factor VIII- 
Cells that produced factor VIII were selected, cloned, 
and propagated in vitro. The cloned cell?: were then 
harvested and administered to the patients by laparo- 
scopic injection into the omentum. The patients were 
followed for 12 months after the implantation of the 
genetically altered cells. An interim analysis was per- 
formed. 

Results There were no serious adverse events re- 
lated to the use ot factor VHI- producing fibroblasts or 
the implantation procedure. No long-term complica- 
tions developed, and no inhibitors of factor VIII were 
detected. In four of the six patients, plasma levels of 
factor VIII activity rose above the levels observed be- 
fore the procedure. The increase in factor V|ll activity 
coincided with a decrease in bleeding, a reduction in 
the use of exogenous factor VHI, or both. In the patient 
with the highest level of factor VIII activity, the clinical 
changes lasted approximately 10 months. 

Conclusions I m plantation of genetically altered fi- 
broblasts that produce factor VIII is safe and well tol- 
erated. This form of gene therapy is feasible In pa- 
tients with severe hemophilia A- (N Engl J Med 2001; 
344:1735-42.) 
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HEMOPHILIA A, an X-linked hemorrhag- 
ic disorder due to mutations in the gene 
that encodes factor VHI, affects 1 in 5000 
males, 1 Approximately 60 percent of pa- 
tients with a mutant 5ene for factor V&I have severe 
hemophilia (in ^vftich the level of factor VH[ activity is 
Jess than 1.0 percent of normal), whereas the remain- 
der have moderate or mild hemophilia (factor VEFJ ac- 
tivity 1.0 to 5.0 percent of normal or more than 5.0 
percent of normal, respectively). 1 In severe hemophilia, 
spontaneous bleeding into joints, soft tissues, and 
vital organs is frequent, whereas in mild hemophilia, 
bleeding usually occurs only after trauma or surgery, 2 
Replacement with intravenously administered con- 
centrates of factor Vin controls bleeding in patients 
with hemophilia A. In paricnts with severe disease, 
spontaneous hemorrhage and progression of arthrop- 
athy can be prevented by prophylactic administration 
of exogenous factor VTH to maintain factor VIII ac- 
tivity levels above 1.0 percent of normal. 3 Prophylaxis 
with factor VHI is costly, 1 however, and docs not guar- 
antee the prevention of hemorrhage.* Despite consid- 
erable improvements in the safety of plasma -derived 
and recombinant factor VIII concentrates, concern re- 
mains about contamination with infectious prions 5 ** 
and small nonenveloped viruses, such as hepatitis A 
virus 7 * 8 and parvovirus. 913 Hemophilia A is a Suitable 
candidate disease for gene therapy 12 for several reasons: 
factor VI3J production is not regulated in response to 
bleeding; the broad therapeutic index of factor VTTT 
minimizes the risk of overdoses; delivery of factor VHI 
into the bloodstream does not require expression of 
the gene by a specific organ; and even low levels of the 
protein can be beneficial. 



Iron ch£ Ccnw for Hemostasia and Thrombosis "Frrrrfh, Department 
of Madione (nA.K, 7-M.O.); and the Department of Sutgery ( NXX}, B«h 
taad Deaconess Medical Center and Harwd Medical School, Bostoo; and 
"Ifcanskaryotfc: Therapies, C^mbndg^ Mass. {MX, R.FSJ, Addtca reprint 
retpxexu to Dr. RiMh at Sctfi Israel Deaconess Atactica! Center, Center for 
Hcrawpiis and Thrombosis Rcwtb, RE-30Z, 41 Are. Lovi* Pasteur, Bos- 
ton, MA 02115, or « droch^euegroup,h3rvwLedu. 



rnntca in inn lu^a. ttr, (/hij cy^siuj www, pcjm.org 

PAGE 1!K26 * RCVD AT 5/27/2004 3:52:08 PM [Eastern Daylight Time] « SVR:USPT0^FXRF-1/5 * DN1S:8729306 * CS(D:«174287046 * DURATION (mm^sj:0848 



05-27-04 14:56 From-CLARK & ELBING LLP 



+6174287046 



T-337 P. 020/026 F-514 



The New England Journal of Medicine 



We have developed a nonviral gene-delivery system 
termed * t transfcaryoxic implantation " It entails die iso- 
lation of somatic cells from a patient, the stable in- 
troduction of a therapeutic, gene into these cells, the 
isolation and clonal propagation of a single engineered 
cell, and the implantation of the clonal cells into the 
patient- 1315 Mice that received fibroblast implants car* 
rying DNA sequences of the human factor VTTl gene 
produced the human protein; the procedure was safe 
and resulted in factor VIH activity levels thai exceeded 
5.0 percent of normal — a leveJ that would be consid- 
ered therapeutic in patients wth severe hemophilia A 
• — for more than one year (unpublished data). These 
results led us to study the safety of the transkaryotic- 
implantation system in patients with severe hemo- 
philia A. 

METHODS 

Patients 

The study was designed as a singfc-mstiniticmj open-label> phase 
1 trial in v/hich autologous fibroblasts that produced human factor 
VHI wert administered to patients wich severe hemophilia A. Pa- 
tients were eligible to be included In the study if they had hemo- 
philic A with ? level of factor VHI activity below 2.0 percent of 
normal; were at least 1 5 year* old; had received at least 50 days of 
fector VTII therapy before 5tudy entry; had six or more bleeding ep- 
isode? per year; had normal factor VIII clearance, had a hemogiobin 
level above 12 g per deciliter (7-4 nunol per liter); and had a platelet 
count above 100,000 per cubic millimeter. Patients with any of the 
following characteristics were excluded: the presence of a factor Vffl 
inhibitor, as determined by the Bethesda inhibitor aswy (which de- 
tects antibodies chat neutralize facEorVm activity) at ihe time of en- 
rollment; a history ofJndudbie factor VHI inhibitor; an anadpatcd 
requirement for fixed-dose prophylaxis with factor V*1I infusions 
during the study, a hiMOry of opportunisuc infection or cancer re- 
lated to the acquired immunodeficiency syndrome; use of investi- 
gational therapy for hemophilia within 30 days before enrollment 
in the study; or clinical evidence of abdominal adhesions or portal 
hypertension (which vnould increase the risk associated with the lap- 
aroscopic procedure). 

The clinical protocol and the Informed -consent document were 
approved by the Center for Biologies Evaluation and Research of 
the Food and Drug Administration and by the Office ofBkxcchnoJ- 
Ogy AcnVioes of the National Institutes ofHtalth- Local review and 
approval were obtained from the Beth Israel Deaconess Medical 
Center iwutudonal review board, the Harvard University £iosa&- 
ry Committee, and the Harvard University Human Gene Therapy 
Advisory Committee. Permission to treat up to 12 patients and to 
monitor them for up to two years was given. All the patients pro- 
vided written informed consent. 

Figure 1 shows the steps involved in the Study. First, the patients 
underwent a cHniCAl evaluation in which a complete medical history 
was obtained and » physic*! examination, blood and urine tests, 
eletrrOCArdiography* and ehe« radiography were performed. Pa- 
tients received diary- forms for use at home to record ^id describe 
all bleeding episode* and all infusions of factor VXII during rjie 
study. The dare, time, and site of bleeding were recorded for each 
episode, as were the number of units of factor VIII administered 
with each infusion. The reason for factor VIII infusion was as- 
signed to one of the following categories; Spontaneous bleeding, 
injury-related bleeding prophylaxis, and odicr reasons (including 
use for the skin biopsy, the laparoscope and other procedures). 

Skin Biopsy 

A full-thickness elliptical skin-biopsy specimen (1-6 by 0.4 cm) 
was obtained from the medial surface of die upper arm after the 
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Figure 1. Steps in the Human Factor VIII Gene-Transfer Procedure 
The fibroblasts from the skin-biopsy specimen were transfect- 
ed with a plasmld containing the gene encoding human tactor 
Vlll from which the B domain had bean deleted. 



patient received local anesthesia. Dermal fibroblasts were isolated 
for cell culture and subsequent piasmid trarisrecrion. All rhe patients 
received an infusion of factor VHI before the biopsy to increase 
thrir plasma factor VIII activity level to 100 percent of normal. Rc- 
tor VTII was administered for an additional three Or four days to 
maintain normal hemostasia. 

Laparoscopy 

Approximated seven weeks after the skin biopsy, the parjents 
' returned to the hospital for another clinical assessment, which was 
performed oSe day befote cell implantation. Factor VTTJ was infused 
just before surgery to increase plasma factor Vlll activity levels to 
apprxwdmatery 100 percent of normal, and the infusions were con- 
tinued two or three times dairy for one week after surgery. The lap- 
aroscopic procedure was performed "while the patients were under 
general anesthesia. A 10 -mm trocar was inserted into the peritoneal 
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Cavity through an iriiraumbilieal incision with the u5C of an open 
technique After carbon dioxide insufflation, a laparoscope was in- 
troduced at this site, tinder direct vision, a single, 5-nun operating 
trow was inserted info die rnidabdomen, and through this trocar^ 
a laparoscopic grasper Nvas used id manipulate riie grtaw omentum. 
A 9-cm (3.5-in.)» 20-gauee spinal needle was insened directly 
through the abdominal wall under direct vision, and approximately 
0.5 ml of the cell suspension was injected through the needle into 
ihc grearer omentum M each of several shrs, After sorgery, the pa- 
tients were observed overnight in rhc clinical research center, All 
six patients were discharged home on the first postoperative day. 
Clinical *i&e$53»enH at rhe paricnts' homes were performed dairy 
by the study nurse on days 2 through 6 after surgery. The parjents 
were scheduled to undergo clinical assessments at the hospital dur- 
ing weeks 1, 2, 3, 4, 6, 5, J2, and 1 8 and months 6, 9, and 12 after 
cell implantation-, with additional monitoring through year 2. 

Preparation of Autologous Fibroblasts Expressing 
Factor VIII 

A plasmid chat contained the gene encoding human factor VIH 
from which the £ domain had been deleted and that contained the 
human fibroncctin promoter was introduced by ekecroporation into 
dermal fibroblasts tiiM had been isolated from the skin-biopsy spec- 
imen. Hie JJ-domain coding sequence was not incorporated into 
the plasmid, because it is not required for the coagulant actMry of 
factor VE1 or the interaction of factor VTII with von Wiilebrand 
factor 16 ' 17 ; moreover, the presence of the £ domain reduces expres- 
sion of factor VBI in rransfected mammalian cells. KbroncCtin, an 
extrtcdlul^matrii protein, is expressed in fibroblasts; its promoter 
efficiently directs die n-anscriprjon of B-domain-drleipd factor VTU 
in primary human dermal fibroblasts, 

Siabty transfecxed fibroblast done? that had incorporated the 
piasmid containing B domain-deleted factor VIH were selected id 
G41S containing mcdhun, isolated, expanded in nonselective me- 
dium, and characterized. Characterization included measurement 
of factor VJII ejcpiession,, assessment of eell-growih properties (in- 
cluding soft ^agar tui oorig^rucrry assay in *vitro) f microbial safety, and 
Southern bloning. Celb from the done th« was designated for 
implantation were harvested the day before imp Ian tin on, esrcen- 
Kvcly washed, and introduced into a syringe. Either J 00 million 
or 400 million doned cells were then administered. During prep- 
aration, the fibroblast cultures were asepticslly processed in class 
100 conditions. 19- 

Factor VIH Away* 

Standard one-stage factor VIH domng-activiry assays and BcthCS- 
da inhibitor assays based on measurement of the activated partial- 
throxnboptastiD time were performed (Automated APTT reagent, 
Organon Tefcnika) on an M0A iflsrjumeni with the use of a stand- 
ard curve prepared with a normal human pooled plasma calibration 
standard (Precision Biologic), which was calibrated against a World 
Health Organization standard. Abnormal controls (Bade and Reti- 
ring) and normal controls (Precision Biologic), both derived from 
human plasma, were used to validate the assays. Serum samples from 
the patients wert analyzed for antibodies against factor VIH with 
rwo specific criiyme-linkcd nTimunosorbent assays. Full-length hu- 
man factor VIH derived from Chincse-hamstcr-ovary cells (Ee- 
combinaK, Hyland-Baxtcr) or human plasma-derived factor VJH 
(HernofiJ-M, HyJand -Baxter) was used to coax the wells of rnicro- 
riter plates before the addition of patients' scrum. The enzymc- 
I inked immunosorbent assay was developed with a horseradish 
peroxidase— conjugated goar. arttihornRn antibody- The assay was 
validated with the use of normal human plasma and abnormal hu- 
man plasma containing various amounts of factor VIH antibodies 
(George King Bio-Medieal). All specialized blood-coagiilan'oo test- 
ing waa performed at E*QD£rix Coagulation Lahoratori«* with use 
of frozen plasma or serum samples dm were collected from the pa- 
tients at all scheduled visits; however, at .month 9 only factor VTII 
acdvrty was rested, and only in Patients 5 and 6. - 



RESULTS 

Characteristics of th« Patients and Factor VIII Production 
by the Implanted Fibroblasts 

Table 1 shows the characteristics of the six patients. 
Ai shown in Table 2, Patients 1, 2, and 3 each received 
100 million cells, and Patients 4, 5, and 6 each received 
400 million cells. The total fector VIH production of 
each of the clones that -was implanted is also shown. 

The skin biopsy was well tolerated by all six patients, 
and there were no episodes of bleeding or infectious 



Table 1. CharaCTEmstm» of the Six 

/ PATIENTS.* 



CwtftAcn-msnc VaiW 

Mfcart 46 

JUnge 20-72 
Wdghx (kg) 

Man 70 

Bange S0-9J 

PKamtmcnt factor VTTT activity 6 
<0.S% of normal (no. of parients} 

Viral exposure (no. of pauHftOt 

Human imnrirv^dcfidcnty virus 4 

Hepatitis A virus 5 

Hepatitis B virei fi 

Hepatitis C virus ■ t> 

"AD *» paatnw -wot: men. 

t Viral CTpotucc -was determined at the rirac oT en- 
rollment by racing far the protect of antibodies to 
the viruscJ Esral- 



Tabue 2- Total Factor VllI Production 
by Implanted Autologous Fibroblasts .* 



No, 


Factor VU 

PRDOUCTKJfl VY 

Hahvested Croat 


No, 

OF C*US 


TOTA FACTOR VRl 

Production *v 
lU/kQftJay 


1 




100X10* 


1.3 


2 


4.9 


JO0X1O* 


$A 


3 


1.9 


100x10* 


3.8 


4 


l.B 


400X10* 


10.-4 


5 


1.6 


400x10" 




6 


6.7 


400x)0* 


36.0 



'The conditioned mednun of each fibrobUn eloiic w*» re- 
placed with fresh medium 24 hours before k was «<aaycd for 
fecror VJII atprcs$laa levels by a human feetot V1D enzyme* 
linked xrtununc?urbent a»ar. 

tThc productios of factor VT11 at the time of cdJ harvest, 

before irnplamsiinT^ b sHown. . 

tTbc ratal &cxw VTJJ produdioA of each rtnplwired done 
is dtmvA, nonnalized for the weight of each paciaic 
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complications. Laparoscopic implantation of the fibro- 
blasts was also well tolerated. The mean (±SD) dura- 
don of surgery was 65 ±7 minutes. The mean time 
required for the injection of the fibroblasts was 15 ±3 
minutes. There were no complications related to anes- 
thesia. After the procedure, all sLx patients had minor 
abdominal djscomfcurt at the incision site. Other ad- 
verse events during \ he postoperative period were' pain 
referred to the shoulder in five patients, abdominal 
ecchymoscs in two, and low-grade postoperative fever 
(which did not require treatment) in one. There were 
no long-term complications associated with surgery. 

All the Bethesda inhibitor assays and eiizyme-linkcd 
immunosorbent assays for antibodies against factor 
VIII were negative. Preliminary assays for cytotoxic 
T lymphocytes at selected times through month 12 
in Patients 1> 2, and 3 and through month 6 in Pa- 
tients 4, 5, and 6 7 in which the patients' lymphocytes 
were used as the effector cells and transfected autolo- 
gous fibroblasts expressing B domain-deleted factor 
VHI were used as die target, were negative; this find-, 
ing indicates that there was no cellular immune re- 
sponse to the cultured transfected fibroblasts. 

One patient with a long-standing history of recur- 
rent paroxysmal atrial tachycardia had two episodes 
of tachycardia, 7.5 months and 12 months after the 
implantation procedure. These two serious adverse 
events were classified as unrelated to the use of the 
genetically modified fibroblasts or the implantation. 
There were no other serious adverse events. All six pa- 
tients had adverse events,, most of which consisted of 
bleeding episodes or pain associated with bleeding. 
No clinically significant laboratory abnormalities re- 
lated to the gene therapy were detected. 

Clinfca! Effects 

In addition to evaluating the safety of the use of 
the genetically engineered fibroblasts and of the sur- 
gical procedures (skin biopsy and lapaxoscopy), we 
appraised several subjective and objective measures of 
efficacy: bleeding events jclatcd to hemophilia, use of 
exogenous factor VIII for treatment before and dur- 
ing the study, and factor VIII activity levels. Figure 2 
shows bleeding events and the use of exogenous fac- 
tor VHI in Patients 1, 3, and 6, all of whom main- 
tained diaries of bleeding and factor VIII use before 
participation in the study* Patients 2, 4 > and 5 did 
not keep such diaries before entering the study. 

In Patient 1, the frequency of bleeding and the 
amount of exogenous factor VIII used did not change 
after implantation of the transfected fibroblasts. This 
patient received the implant with the lowest level of 
factor VIU production in vitro of any of the implants 
(Table 2), and no clinically important increase in factor 
VIII activity was detected in his plasma after therapy 
(Table 3). Beginning 10 weeks after the implantation 
of transfected fibroblasts, Patient 3 had no bleeding, 
and he did not use factor VHJ for the treatment of 



new bleeding for the next 3 months. At week 18, 
nearly eight weeks after the most recent infusion of fac- 
tor VIII, his plasma factor VIU activity had increased 
from less than 0.4 percent of normal to 2.0 percent of 
normal (Table 3). There were injury-related bleeding 
episodes, but he reported no spontaneous bleeding. 
There were several prolonged intervals without bleed- 
ing or infusions of factor VIII (Kg. 2).. Additional 
measurements of factor VIII activity showed an ac- 
tivity level of 1.0 percent of normal at 6 months and 
a decline to less than 0.5 percent at 12 months. 

Patient 6 received the fibroblast clone that produced 
the largest amount of factor VIU per day in vitro of 
any of the clones (Table 2), A decreased frequency of 
bleeding became evident one month after the trans- 
fected fibroblasts were implanted (Bg. 2), During pe- 
riods when there was no bleeding Or use of exogenous 
factor VHIj numerous measurements of factor VQI 
activity showed a persistent increase in activity to a lev* 
el above that observed at the initial evaluation (Table 
_ 3 ) . Like Patient 3 , he reported no spontaneous bleed- 
ing for approximately 10 months after rhc implantation 
(Fig. 2). However, there was mtennittent injury-relat- 
ed hemorrhage. The frequency of bleeding in this pa- 
tient increased and spontaneous bleeding recurred 
during month 12, at which time his level of factor VIII 
activity had declined to less than 0,5 percent of nor- 
mal (Table 3). 

Table 4 shows the average monthly use of factor 
Vin before and after cell implantation in all six pa- 
tients. Treatment with infusions of exogenous factor 
VIII before enrollment in the study was documented 
by the patients* diaries (Patients 1, 3, and 6) or by 
pharmacy records (Patients 2, 4, and 5). Use of exog- 
enous factor VIII by Patients 1 and 2 was unchanged 
after treatment- Use by Patients 3, 4, and 5 was mod- 
erately decreased. In Patient 6 there was a considerable 
reduction in the use of exogenous factor VIII after 
gene therapy; in the 20 months before therapy, his to- 
tal use of factor VIEE each month ranged from 12,339 
to 30,621 U, whereas his use ranged from 2040 to 
7098 U per month at months 4 t 6, 7, 8> and 1 0 after 
gene therapy (Table 4). 

A standard one-stage assay of factor VlLL activity was 
used to detect changes in factor- VlH activity over time 
(Table 3). Levels of factor VHI activity above pretrcat- 
. rnent levels were repeatedly found after treatment in 
Patients 3, 4, 5, and 6. Patient 3 had a factor VIII 
activity level of 2.0 percent of normal at week 18 (eight 
weeks after his most recent factor VIII infusion). It 
was 1.0 percent of normal at month 6, nine days af- 
ter a single infusion of factor Vffl. These elevated 
levels were not the result of the use of exogenous fac- 
tor VIII-, because factor VIII activity was undetect- 
able at other points closer in time to a preceding in- 
fusion (weeks 2, 6, 8, and 12). Patient 4 had factor 
VIU activity levels of 0.8 percent and 0.6 percent of 
normal at weeks 4 and 6, respectively. Although both 
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Figure 2. Bleeding EvenU end Us* of Exogenous Factor VIII in Three of the Six Patients. 

Bleeding events and use of exogenous factor VIII during the 12 months before and after the cell-implantation procedure (time 0) 
gr« shown. Each infusion of factor VIII is shown as a vertical line. The tallest lines correspond to Infusions art the time of a now 
bleeding event- After enrollment in the study eech of these new bleeding episodes was rt&sstfiad as injury related (open squares) 
or spontaneous (solid circles)- Lines of intermediate height represent follow-up infusions to complete the treatment of a previous 
bleeding episode, and the shortest lines represent infusion? for prophylaxis or other reasons, such as the surgical procedures irt 
the study. In the chart for Patient 3, pretreatment data over a 5-month period (between 10 months and 5 months before the im plan- 
tation) ere omitted; during this period the patient used fixed-dose factor vlll as secondary prophylaxis, end neither the frequency 
of bleeding nor the use of factor Vlll was representative of that at other times before entry into the study. For Patients 1 and 3, 
bleeding episodes were recorded but not classified until enrollment in the study 3,3 and 1.7 months, respectively, before the im- 
plantation procedure. For Patient 6, episodes that occurred 11.9, 11.8, 11.5, 7.7, and 2.3 months before and t.O end 7.1 months after 
the implantation procedure were inadvertently not classified. Monthly intervals are 30 days. 



of these levels were above his initial level before the 
implantation (less than 0.4 percent of normal), it is 
-on dear whether these small changes arc clinically sig- 
nificant! Nevertheless, the appearance of measurable 
factor Vm coincided with decreased use of exogenous 
fector Vin. In Patient 5, several measurements of fac- 
tor VIII activity between week 4 and month 6 after 
the implanration were above his initial level (which was 
undetectable). Although the change in the use of 
factor VHT was small in this patient, there was a gen- 
eral correlation between decreased use of factor VIII 
diTQugh month 10 and the duration of the elevation 



in factor VIII activity. Patient 6 had the highest meas- 
urable level of activity after gene therapy; at week 12, 
the activity was 4.0 percent of normal. At months 
9 and 12, the activity in this patient had decreased 
to less than 0.5 percent of normal, and spontaneous 
bleeding recurred. 

DISCUSSION 

We studied six patients with severe hemopliilia A 
who received autologous fibroblasts that carried the 
gene that encodes factor VIII. The implantation pro- 
cedure was safe, and the cells have been well tolerated, 
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Tabus 3. Levels of Factor Yin Activity.* 
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*5ofnt nwwur^mniis of factor Viii acrjvivy leveb were most likely influenced by previous infasioD* of aogpnoufl factor 
VTTT fjje interval between mnsurernenr aftd The most recent uifusign of iaetof VLI1 ii given in parentheses. Otherwise, 
the factor VrH activity lewd -was determined « least five days after a previous fraor VIII infusion. factor VIII activity 
lewh were measured ai scheduled visits; w^d« 2 aod 3 f^l day)- weeks 4 sad 6 (±2 days); week* $ aod 12 (:£4 days); 
and week )ti and months 6, 9, and 12 (£2 week*). Passes indksie that measurement of factor "VIH acwhy was not 
perfon&ed. 

|Tbe &cw>r VTH acoviry levd li consWcrcd derated above levels measured before impkncxticin. 



a finding that has continued in all patients during a ■ 
second year of monitoring. In no patient did evidence 
of factor VIII inhibitor appear at any time during the 
study. This is important, because inhibitors have the 
potential to compromise the effectiveness of standard 
factor Vlll-rqpla cement therapy. 39 

The potential for clinical efficacy of this type of gene 
therapy is suggested by the increased levels of factor 
VIII activity in four of the six patients. Before they 
entered the study, the factor VIII activity levels in all 
six patients were less than O S percent of normal — 
a fact that made it possible to detect relatively small 
increases in factor VIII in plasma after the implanta- 
tion of the genetically engineered fibroblasts. There 
was a general correlation between these increases and 
clinical improvement, such as a decreased frequency 
of spontaneous-bleeding episodes or decreased use of 
exogenous factor VEIL 

M the rdarivdy low levels of fector VIII activity we 
observed, several factors may have influenced subjec- 
tive measures of The clinical efficacy of the gene-ther- 
apy procedure wc tested. One of these is the presence 
or absence of active joint disease: treatment of severe 
joint disease requires persistent, relatively high levels 
of factor VIII activity. The patients' investment in the 
rherapcuue outcome of the experimental treatment 
may also have influenced subjective measures of effi- 



cacy that suggested therapeutic benefit. However, the 
correlation between objective and subjective signs of 
improvement indicates thai a prolonged placebo ef- 
fect was unlikely. 

The rninimal levels of factor VIII that are required 
to protect against spontaneous or post-D'aumadc 
bleeding are unknown. Protection against bleeding 
related to trauma or surgery may require high factor 
VIII levels, in the range of 30 to 100 percent of nor- 
mal, depending on die nature of the injury. 20 In con- 
trast, the clinical features that distinguish between se- 
vere and moderate hemophilia suggest that factor VHI 
activiry levels as low as 1-0 to 2-0 percent of normal 
can protect against spontaneous Weeding. A recent 
study of prophylactic treatment in patients with severe 
hemopJulia indicated that even levels below 1.0 per- 
cent of normal may be sufficient, 21 For these reasons, 
the clinical responses we observed in our patients, who 
had low plasma levels of factor VHI, arc encouraging. 

The norrviral ex vivo gene-therapy system wc used 
has several potential advantages over gene therapy 
based on viral vecTors. Patients received a homoge- 
neous clonal population of cells containing a single 
genetic modification, thereby minimizing the risk of 
inserrional mutagenesis that might occur with viral 
vectors. In addition; viral vectors can evoke immune 

responses that may attenuate the effectiveness of sub- ' 
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NONV1RAL TRANSFER OF GENE ENCODING COAGULATION FACTOR Vilt IN FATIEMTS WITH SEVERE HEMOPHILIA A 



TAaf 4. Monthly Use ot Exogenous Factor Vin * 
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sequent crcatmcncs, 23 Viral vectors rtwy become infec- 
tious by mutation or other mechanisms or jnay modify 
the p&ucnt's germ ltoc, but these risks arc obviated 
with the use of the nonviral approach- Despite these 
advantages, our system has noteworthy disadvantag- 
es. The implantation procedure is moderately invasive, 
and the factor VIII -producing autologous fibroblasts 
must be prepared individually for each patient. Form- 
nateJy, there is no technologkaJ obstacle to the pro- 
duction of such patient- specific fibroblasts, so the pro- 
cedure could be feasible if the therapeutic benefit of 
this approach can be proved in subsequent studies. 

Supported by Trvukaryotie Therapies. 

Dk. Tfcco and Sd den are employees of and own studs in Tnuukwryafje 
Therapies. 

Wc ttre indebted re thi patients vrith hemophilic and thtir families 
fir their commitment to ihis rnvdn^r^tuw and thrir amtinuous nip- 
»nd trwtj 70 memberr of tbc X>cp*rtm*~ts o/Mdieitt*, Sia&try, 
ArujtkeHa, aM Niitty end of the General Clinical Research Cen- 
ter at the Bah Israel Dettmess Mt&iud Center frrsfatr arnvributums; 



W members of the basicsuienct and dmictdTesenrch tmntf at Trans- 
karyotic Therapies fir their help; and tvDr, Paul* Jm/tW of Bah 
Israel Dtfitpness Medical Center for her *isist me with patient cart. 

APPENDIX 

Other member of tfic Factor Vnl Tranikirroric Ther^y Scudy Croup 
tvert 35 follows fs«=riifc5indjTO a fi0«mal interest in I^karyocic Thcr- 
apicsj; II}. Lwine, I Pwpcc, and B. Biric» {Beth l*«cl DcacoDets Medical 
Center and Harvard Medial School, Bosron] and VJi, Roman." IM. 
Sabine,- ajv. PhiUipj," A.M. Zqfiani,* SwioG - D. Fisher,-* T Har- 
nne»n ( * M, Bomfa',* M.W. Heartidr,/ J,C- Lanua,* E.M. tond> and 
K,C- GaTKfir* (TrarBkaryocig Therapies, Cimbridse, Mass.) 
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